A continuous-time dynamic model of a network of N nonlinear elements interacting via random asymmetric couplings is studied. A self-consistent mean-field theory, exact in the N~limit, predicts a transition from a stationary phase to a chaotic phase occurring at a critical value of the gain parameter. If the synaptic matrix J were symmetric then Eqs. (2) would describe a relaxation of a global energy function, which for random couplings is just a spin-glass Hamiltonian.
H. J. Sommers If the synaptic matrix J were symmetric then Eqs. (2) would describe a relaxation of a global energy function, which for random couplings is just a spin-glass Hamiltonian.
Here we study synaptic matrices where J;i and Ji; are uncorrelated in which case the dynamics in general is nonrelaxational.
In this case the long-time behavior may depend on the particular realization of the J~'s.
However, in the limit N~~a well defined typical behavior exists, the properties of which are described below.
The long-time properties of the solutions of Eqs. (2) for large N have been studied by the method of the dynamical mean-field theory (MFT) originally developed for spin-glasses.
This theory is exact in the limit of N~. The essential result of this MFT is quite simple. The dynamics of the system at long times can be reduced to a self-consistent equation of a single neuron, which reads h, (t) = -h, (t)+g;(t). (1) and (3),
The term q, is a time-dependent Gaussian field which is generated by the random inputs from the other neurons, i.e. , the last term in Eqs. (2). Obviously, the mean of q, is zero. Its second moment is determined self-consistently from Eq. (2), yielding and f h;(t) = Ji dt'e' 'tl;(t').
(.) =(h, (t)h, (t+.)), which by Eqs. (3) and (4) obeys 8 -6 =J C. Equations (4) and (5) 
where Dz =dz exp( -z /2)/(2n) 't and, in general, @(x) = fpdyp(y). In the particular example of (1) @(x) = (gJ) ' ln cosh(gJx). Equation (6) Fig. 1(a Fig. 1(c Z'(r) = g Z"exp(2ro"r ), 
=bh;(t)/bhf(t')
It is more .convenient to study the average quantity 1 (t) defined by
x-lim in(x'(r))/2r.
which yields information regarding the maximal Lyapunov exponent k. This exponent, which measures the sensitivity of the flow to a perturbation of the initial con- 
